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Abstract. In this article we will review recent BABAR measurements of Unitarity Triangle 
angle P in B meson decays to charm and charmonium. 



1. Introduction 

Measurements of time-dependent CP asymmetries in meson decays, through the interference 
between decays with and without B^-B^ mixing, have provided stringent tests on the mechanism 
of CP violation in the standard model (SM). The time-dependent CP asymmetry amplitude 
equals to sin 2/3 in the SM if the B meson decays to a final states that can be accessed to 
by both B^ and B^ . The angle /? = arg(14dKfe/^*<^^b) ^ phase in the Cabibbo-Kobayashi- 
Maskawa (CKM) quark-mixing matrix pQ. The phase diflFerence, 2/3, between decays with and 
without B^-W mixing, arises through the box diagrams in mixing, which are dominated 

by the diagrams with virtual top quark. 

In this paper we present a review of recent measurements of (3 at BABMi experiment at the 
asymmetric-energy e^e~ B Factory PEP-II; neutral B meson decays to charm and charmonium 
studies are reported, including precision measurements using B^ — > {cc)K^ decays, tree decays 
with penguin pollutions, 5° D(*^^D'^, and new decay modes 5° D(*^°h'^ {h^ = 7r°, 77^, u). 

2. Time-Dependent CP Asymmetry 

To measure time-dependent CP asymmetries, we typically fully reconstruct a neutral B meson 
decaying into a CP eigenstate. From the remaining particles in the event, the vertex of the 
other B meson, i?tagi is reconstructed and its flavor is identifled (tagged). The proper decay 
time difference At = tcp — ttagj between the signal B {tcp) and Stag (^tag) is determined from 
the measured distance between the two B decay vertices projected onto the boost axis and the 
boost (/37 = 0.56 at PEP-II) of the center-of-mass (cm.) system. The At distribution is given 
by: 

re-r|At| 

F±(At) = [l^Au;± (1) 

(1 - 2?i;)(r?/5sin(AmAt) - C cos(AmAt))] , (2) 

where the upper (lower) sign is for events with -Btag being identified as a B^ {B^), ?// is the 
CP eigenvalue of the final state. Am is the B^-B^ mixing frequency, T is the mean decay rate 



of the neutral B meson, the mistag parameter w is the probabihty of incorrectly identifying 
the flavor of -Btag; and Aw is the difference of w for and B^. In the SM, the parameters 

S = ImA/(l + |A|) and C = (1 - |A|)/(1 + |A|), where A = and Aj (Aj) is the amplitude 

of S° (B^) decaying to the CP final state /. In the SM, if only one diagram contributes to 
the decay process, S = —sin 2/3 and C = 0. A non-zero value of C would indicate direct CP 
violation. 

Because there can be other diagrams with a different weak phase, the experimental result 
of S does not necessarily equal to — sin 2/3. To separate the measured value from the standard 
model sin 2/3, we denote the measured one sin2/3efi. 

3. B° {cc)K° 

The B^ {cc)K^ modes are called "golden modes" because of relatively large (©(lO-^-lO"^)) 
branching fractions, low experimental backgrounds and high reconstruction efficiencies, and 
small theoretical uncertainties 

The BABAR collaboration studied J/i'K^ and J/i^K'^, ij{2S)K^, XciK'^, VcK^s and 
J/ipK*^{Kg7r^) decay modes to measure sin2/3, reconstructing approximately 6900 CP-odd 
signal events and 3700 CP-even signal events from 383 x 10^ BB pairs. The result was 
sin2/3eff = +0.714 ± 0.032 ± 0.018 and C = +0.049 ± 0.022 ± 0.017 [3j. 

Because of the high experimental precision and low theoretical uncertainty, the result from 
these modes serves as a benchmark in the SM; any other measurements of sin 2/3 that have a 
significant deviation from it, beyond the usually small SM corrections, would indicate evidence 
for new physics. 

4. B° D(*^^D^ 

The decay B^ D^*^^D^ is dominated by a color-allowed Cabibbo-suppressed b ccd tree 
diagram. The penguin diagram in the SM has a different weak phase and is expected to 
contribute few percent correction [1] to CP asymmetry. A large deviation in sin 2/3eff from that 
in B^ — > {cc)K^ would indicate possible new physics contribution to the loop in the penguin 
diagram. 

The final state D^D~ is a CP eigenstate so 5 = —sin 2/3 and C = in the SM when 
neglecting the penguin contribution. The final state D*^D^ is not a CP eigenstate. The 
decay amplitudes can have a strong phase difference 6, i.e., A{B^ D*'^ D~) / A{B^ — > 
D*-D+) = Re^^. As a result, the S and C parameters, (+ for D*+D- and - for D*- D+) 
are S± = 2Psin(2/3cfT ±6)/{l + R^), and C± = ±{R^ - 1)/(P^ + 1), assuming there is no direct 
CP violation. 

The BABAR collaboration measured CP parameters S and C in B^ D^D^ using 384x10^ 
BB pairs. The results were: S = -0.54 ± 0.34 ± 0.06 and C = 0.11 ± 0.22 ± 0.07 [5j, which is 
consistent with the SM with small penguin contributions. Figure [T] shows the At distributions 
for iJ'^-tagged and -B'^-tagged events separately. For the result from Belle, the plots show clear 
difference between the yields of B^-tagged and B'^-tagged events. The consistency of these two 
results are quite low (x^/dof = 12/2, or C.L. =0.003, corresponding to 3(t). 

Belle collaboration recently reports evidence for a large direct CP violation in D^D^ channel 
using a data sample of 535 x 10^ BB pairs. They measure S = —1.13 ± 0.37 ± 0.09 and 
C = -0.91 ± 0.23 ± 0.06 [6J. The CP conservation, 5 = C = 0, is excluded at 4.1(7 level and 
C = is excluded at 3.2cj. The BABAR and Belle results are marginally compatible: the 
probability is at 0.3% Confidende Level (C.L.). 

BABAR also reports an updated measurement of B^ D*^D^ The result is C^j.+d- = 
0.18 ± 0.15 ± 0.04, Sw+D- = -0.79 ± 0.21 ± 0.06, Cd''-d+ = 0.23 ± 0.15 ± 0.04, and 
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Figure 1. At distributions of B — > D^D^ . Left plot is for S -tagged events and right one for 
-B'^-tagged events. The points represent the data; the superimposed is the result of the fit to the 
data. 



Sd*-d+ — — 0.44zb0.22ib0.06. Using a slightly different parametrization Ijj, the BABAR indicated 
that which indicates that sin 2/3eff 7^ it is non-zero at approximately 4(T level. 

5. ^ £>(*)0/iO (^0 = 7r°, TyW, u) 

The decay D^*^^h^ {h^ = vr^, r]^'\ oj) is dominated by a color-suppressed b ^ Tjd tree 

diagram. The final state is a CP eigenstate if the neutral D meson also decays to a CP eigenstate, 
and therefore Eq. [T] applies. This mode is free of penguin diagrams. The next diagram is also a 
color-suppressed tree diagram, b — > ucd, which is doubly Cabibbo suppressed. The SM correction 
on sin2/3eff is believed to be a few percent [8j. There could be "new physics" contributions thanks 
to some iZ-parity- violating supersymmetry models [8], entering at tree level. 

BABAR recently reported a measurement of sin 2/3eff using L»(*)07r0 with DO ^ K+K-, K^uj, 
and D(*)Or? with D° K+R-, and D^uj with K+K", K'^uj, KJit^. The is 

reconstructed from D*^ D^ir^, when applicable. BABAR uses 383 x 10^ BB pairs and obtains 
sin2/?eff = 0.56 ± 0.23 ± 0.05 and C = -0.23 ± 0.16 ± 0.04 [9j. This result is 2.3cj away from CP 
conservation. 



6. Conclusion 

The measurement of sin 2(3 is a rich program at the B Factory PEP-II. A total of more than 380 
million T(45) BB pairs have been analyzed at the BABAR experiment; the result has achieved 
a precision of 4% in sin 2/3 measurement, sin 2/3 = 0.678 it 0.026, using B^ {cc)K^ decays. 

Belle observes evidence for large direct CP asymmetry in B^ — > D^D^ channel. However, 
it is not confirmed by BABAR, whose result is in agreement with Standard Model expectation 
Cf = 0. More data are needed to resolve this discrepancy. The BABAR collaboration presented a 
measurement on B^ — > D*^D~ too, observing evidence of CP violation at 4 standard deviations; 
the results for these analysis are perfectly consistent with the Stadard Model expectations. 

The BABAR collaboration reported the first-time measurement of Sj and Cf in B^ D^*^'^h^ 
{h? = vr^, r/('), oj) channels, when reconstructing meson in CP eigenstates; the results are 
consistent with the Standard Model expectations oi Sf = — sin2/3 and Cj = 0. 
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